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IMPROVEMENTS IN IMAGE PROJECTION SYSTEMS 



The present invention relates to a method and 

apparatus for determining the location of a feature in an 

image projection system. 
5 - An image projection system such as an input scanner or 

camera will conventionally have a number of different 

optical components (eg lenses, light sources, mirrors etc.) 

which project images onto a detector. Any feature (.e.g. a 

defect) carried by one of these optical components will be 
10 imaged onto the detector. In many cases it may be 

desirable to determine the location of the feature but 

previously this has not been possible. 

In accordance with a first aspect of the present 

invention there is provided a method of determining the- 
15 location of a feature in an image projection system, the 

method comprising: 

1) projecting a first image of the feature onto a 
detector with a lens in a first position; 

2) sensing, with the detector, the position of the 
20 first image of the feature; 

3) projecting a second image of the feature onto a 
detector with a lens in a second position laterally spaced 
from the first position; 

4) sensing, with the detector, the position of the 
25 second image of the feature; and 

5) deducing the location of the feature from the 
difference between the positions sensed in steps 2) and 4) . 

The invention effectively measures the parallax of the 
feature, thus enabling the distance between the feature and 
30 the detector to be deduced. 

The method can be used to locate any feature but 
typically the feature comprises an optical component defect 
- e.g. a scratch or deposit on a lens, mirror, platen or 
light source. 

35 The positions of the first and second images may be 

measured in steps 2) and 4) using a single detector element 
which is scanned over a projection region of the lens. 
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However preferably the or each detector comprises an array 
of detector elements, and the positions are sensed in steps 
2) and 4) in accordance with the position of the image of 
the feature on the array. 
5 A pair of laterally spaced fixed lenses may be used, 

each projecting an image of the feature from one of the two 
positions. However typically the images of the feature are 
projected in steps 1) and 3) using the same lens, and the 
method further comprises moving the lens between the first 

10 and second positions. 

Similarly a pair of laterally spaced detectors may be 
used, each sensing the position of one of the two images. 
However typically the images of the feature are projected 
onto the same detector in steps 1) and 3) . In this case, 

15 a single fixed array of detector elements may be used with 
each image being projected onto a different part of the 
array. However preferably the method further comprises 
moving the detector between steps 1) and 3) . 

In a preferred embodiment the lens and detector are 

2 0 moved together between steps 1) and 3) . This enables the 
lens and detector to be housed together in a compact camera 
unit . 

The lens may oscillate between the two positions and 
the location of the defect may be deduced by sensing the 

25 speed of movement of the image of the feature - i.e. if the 
feature is close to the lens then the image will move 
quickly. Alternatively the lens may be stationary when it 
is in the first and second positions. 

The absolute positions of the first and second images 

30 may be sensed in steps 2) and 4) . Alternatively a pair of 
features may be projected onto the detector, with the 
relative positions of the corresponding images being 
sensed. In this case, one of the features may comprise a 
reference mark on one of the optical components in the 

35 image processing system. 

In one example the location of the feature is simply 
output to a user (for instance on a visual display or via 
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a loudspeaker) . This enables the user to take any 
appropriate act ion . 

In accordance with a second aspect of the present 
invention there is provided a method of generating an 
5 electronic representation of an input image, the method 
comprising 

a) projecting the input image onto a detector with 
a projection system whereby the detector generates the 
electronic representation of the input image; 
10 b) determining the location of a feature in the 

projection system by a method according to the first aspect 
of the invention; and 

c) correcting the electronic representation of the 
input image in accordance with the location of the feature 
15 determined in step b) . 

The correction step may be carried out "on the fly", 
i.e. as the electronic representation is being generated in 
step a) . Alternatively the correction may be a post- 
processing step, performed after the representation has 
20 been stored. 

The method may be employed in a camera system which 
generates the electronic representation from a naturally 
lit scene. However typically the input image is projected 
onto the detector by illuminating a substrate carrying an 

2 5 original image and directing radiation from the illuminated 

substrate onto the detector. 

Typically the electronic representation of the input 
image is corrected in step c) by assigning the feature to 
an optical component in accordance with the location 

3 0 determined in step b) ; and correcting the electronic 

representation of the input image signal in accordance with 
which optical component has been assigned with the feature. 

The entire input image may be simultaneously projected 
onto the detector. However preferably the method further 
35 comprises causing relative scanning movement between the 
detector and the input image. This may be achieved in a 
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number pf ways, including moving the detector and/or the 
lens, or moving the substrate carrying the original image. 

In accordance with a third aspect of the present 
invention there is provided apparatus for determining the 
5 location of a feature in an image projection system, the 
apparatus comprising a detector; one or more lenses for 
projecting first and second images of the feature onto the 
detector from laterally spaced positions; means for sensing 
the positions of the first and second images of the 

10 feature; and means for deducing the location of the feature 
from the difference between the positions of the first and 
second images . 

In accordance with a fourth aspect of the present 
invention there is provided apparatus for generating an 

15 electronic representation of an input image, the apparatus 
comprising 

a) a projection system for projecting the input 
image onto a detector whereby the detector generates the 
electronic representation of the input image; 
20 b) apparatus according to the third aspect of the 

present invention for determining the location of a feature 
in the projection system; and 

c) means for correcting the electronic 
representation of the input image in accordance with the 
25 location of the feature. 

Typically the projection system comprises a radiation 
source for illuminating a substrate carrying an original 
image, and means for directing radiation from the 
illuminated substrate onto the detector. 
30 A number of embodiments of the present invention will 

now be described with reference to the accompanying 
drawings, in which :- 

Figure 1 is a cross-sectional side view of a flatbed 
scanner; 

3 5 Figure 2 is a plan view of the flatbed scanner of 

Figure 1; 
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Figure 3 is a schematic diagram of the processing 
electronics; 

Figure 4 is a flow diagram illustrating the main 
process steps in an input scanning procedure ; 

Figure 5 is a graph illustrating the variation in 
white balance factor across the detector; 

Figure 6 is a schematic view of three defects being 
imaged onto the detector from a first position; 

Figure 7 is a schematic view of the three defects 
being imaged onto the detector from a second position; 

Figure 8 is a flow diagram illustrating the defect 
removal procedure ; 

Figure 9 is a flow diagram illustrating the method of 
compiling peak tables of defects; 

Figure 10 is a graph illustrating the white balance 
factor f after peak removal; and, ■ 

Figure 11 is a flow diagram illustrating an 
alternative input scanning procedure. 

Referring to Figures 1 and 2, a flatbed input scanner 
1 comprises a housing 2 with a flat transparent upper 
surface 3 commonly known as a "platen" . A movable carriage 
4 carries a florescent tube 5, a camera support 6 and a 
mirror 11. A camera 7 comprising a CCD detector array 8 
and imaging lens 9 is supported by the camera support 6 by 
a support arm 10 . 

A colour transparency 12 to be scanned is placed on 
the platen 3. The florescent tube 5 illuminates a strip 
extending across the entire platen 3 with a light beam 13 
which is reflected by the angled mirror 11 towards the 
camera 7 . 

In order to input scan the entire transparency 12, the 
carriage 4 is moved in the slow scanning direction as 
indicated at 14. 'As the tube 5 passes over the 
transparency 12, the light beam 13 passes through the 
transparency 12 and is modulated in accordance with the 
image carried by the transparency. The modulated beam is 
then reflected towards the camera 7 and an input image 



(derived from the illuminated strip of the transparency) is 
focused onto the detector 8 by the imaging lens 9. 

The camera support 6 can be moved in the slow scanning 
direction as indicated at 16 to change the magnification. 
5 When the camera support 6 is at the rear end 17 of the 
carriage 4, the imaging lens 9 has a field of view 
extending across the entire platen 3 . In addition the CCD 
camera 7 may be moved in the fast scanning direction as 
indicated at 15 by sliding the support arm 10 along the 

10 camera support 6. This lateral movement enables the camera 
to view a transparency at high magnification which is not 
centrally located on the platen 3. In the plan view of 
Figure 2 the camera 7 is positioned to image a strip of the 
platen between the edges of the transparency 12 . 

15 The control system for the input scanner 1 is 

illustrated in Figure 3. A microprocessor 20 controls a 
cross-slide drive motor 21 (which drives the carriage 4), 
a drive motor 22 (which drives the camera 7 along the 
support arm 6) and a magnification drive motor 23 (which 

2 0 drives the support arm 6 along the carriage 4 to adjust the 

magnification) . 

The detector array 8 comprises a line of 8000 CCD 
elements, each of which generates a sequence of digital 
image data values related to the intensity of light 
25 received by the element. The image data values are read 
out from the array as an image signal 26. 

The imaging procedure is illustrated in the flow chart 
of Figure 4. In a first step 24, one or more 

transparencies are placed on the platen 3 by a user. In 
30 the case of Figures 1 and 2, only a single transparency 12 
is shown, but in general any number of transparencies may 
be placed on the platen 3 . 

In step 25, the microprocessor 2 0 causes the scanner 
1 to perform a low resolution scan of the entire platen 3 . 

3 5 That is, the camera support 6 is driven to the rear end 17 

of the carriage 4 so that the field of view of the detector 
array 8 extends across the entire platen 3, the carriage 4 
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is driven along the entire length of the platen 3, and the 
image signal 26 from the detector 8 is stored in a low 
resolution image memory 27. The microprocessor 20 then 
analyses the image in the low resolution memory 27 to 
5 locate the coordinates of each of the transparencies on the 
platen 3. In the case of Figure 2, the microprocessor 20 
determines the coordinates of two opposite corners 28,29 of 
the transparency 12. 

In step 28, the carriage 4 is moved to a white balance 

10 position at the end of the platen 3 so that the florescent 
tube 5 illuminates a white balance area 30 in which there 
are no transparencies. In step 31, the camera 7 is moved 
to a position appropriate for the first transparency to be 
scanned (in this case the transparency 12) . In addition, 

15 the fast scan position of the camera 7 is offset from the 
centre of the transparency 12 by a distance of say 5mm so 
that the camera 7 images part of the white balance area 
indicated at 32 in Figure 2, 

At step 90, the microprocessor performs a first white 

20 balance imaging procedure. In the white balance imaging 
procedure 90, the microprocessor 20 receives a single line 
of 8000 image data values from the detector 8 and stores 
the image data values in an image memory 99. The image 
data values in memory 99 are then processed to generate a 

25 white balance factor f for each CCD element. When the 
image data value is high (corresponding with high light 
intensity) the factor f is low, and when the image data 
value is low (corresponding with low light intensity) then 
the factor f is high. Thus the white balance factor f 

30 provides the gain required to bring all signals from the 
CCD elements to equal values under full illumination. An 
example of the variation in the factor f across the 8000 
element detector array 8 is illustrated in Figure 5 . The 
horizontal axis of Figure 5 . corresponds with distance 

35 across the detector 8, with the CCD elements numbered from 
1-8000. The vertical axis of Figure 5 gives the white 
balance factor f in arbitrary units. At the left and right 
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hand edges 33,34 of the detector 8 the imaging lens 9 picks 
up less light, and therefore the factor f is higher. At 
the centre 36 of the array 8, the imaging lens 9 collects 
light more efficiently and therefore the factor f is 
5 correspondingly lower. The 8000 values of the correction 
factor f are stored in a white balance memory 35. 

A number of defects are present on the optical 
components * illustrated in Figures 1 and 2. In particular, 
the platen 3 carries two defects 36,37, the tube 5 carries 

10 two defects 38,39 and the mirror 11 carries two defects 
40,41. The defects 36-41 may for instance be scratches, or 
deposits such as specks of dust, hairs etc. The defects 
36-41 cause a reduction in the light reaching the detector 
8 which results in peaks in the factor f as shown in Figure 

15 5. The defects 36,37 on the platen 3 generate sharp high 
magnitude peaks 3 6', 37' . The peaks 3 6 ',37' are sharper and 
higher than the other peaks because the defects 36,37 on 
the platen lie on the focal plane of the camera 7. The 
defects 38,39 in the florescent tube 5 generate 

20 corresponding peaks 38', 39' in the factor f. Similarly, 
the defects 40,41 in the mirror 11 generate corresponding 
peaks 40', 41' in the correction factor f. The peaks 38'- 
41' are wider and lower than the peaks 36', 37' because the 
mirror 11 and tube 5 lie off the focal plane of the camera 

25 7 . 

Returning to Figure 4, in step 50 the drive motor 22 
moves the camera 5mm to the right to a scan position in 
line with the transparency 12. In step 60, the 

microprocessor 2 0 performs a second white balance imaging 
3 0 procedure in the second scan position (identical to the 
first white balance imaging procedure 90) to generate a 
second set of factors f which are stored in memory 35. 

The lateral movement of the camera 7 causes a change 
in the apparent angular positions of the defects 36-41. 
3 5 This principle is illustrated in Figures 6 and 7. 

Referring to Figure 6, the three optical elements in 
the projection system (i.e. the tube 5, platen 3 and mirror 
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11) each carry a defect 51-53 respectively. The optical 
axis of the lens 9 (ie. a line normal to the lens passing 
through its centre) lies on a line 54. For illustrative 
purposes the defects 51-53 are aligned with the optical 
5 axis although in most cases the defects will not be in 
line. A focused image 52' of the platen defect 52, and 
defocused images 51' ,53' of the tube defect 51 and mirror 
. defect 53 are all projected onto the same position at the 
centre of the array 8 . 

10 In Figure 7, the camera 7 has been moved laterally so 

that the optical axis of the lens 9 lies along 1 a second 
line 55 spaced laterally from the line 54 by 5mm. The 
apparent angular position of the defects 51-53 with respect 
to the optical axis are now different. As a result, the 

15 images 51' '-,52'' and 53'' of the defects 51-53 are spaced 
along the detector array 8, and the difference in spacing 
can be utilized to deduce the location of each of the 
defects. 

In step 61 (Figure 4) the microprocessor 20 performs 

20 a defect removal procedure, illustrated in more detail, in 
Figures 8 and 9. In steps 71 and 72 the microprocessor 20 
analyses the two sets of factors f in memory 35 to generate 
two peak tables. The analysis procedure is illustrated in. 
Figure 9. In step 62 the microprocessor 20 selects the 

25 next factor f . In step 63 the factor f is summed with the 
six surrounding factors. In step 64, the two largest 
values in the seven summed values are subtracted from the 
total. In step 65 the total (after subtraction) is divided 
by five to generate a running average value. In step 66 

30 the running average value is multiplied by a predetermined 
factor (eg. 1.2) to give a threshold value. The resulting 
threshold value is illustrated by dotted line 67 in Figure 
5. In step 68 the microprocessor 20 determines whether the 
current factor f exceeds the threshold value 67. If the 

35 current factor is below the threshold value, then the 
factor is not part of a peak and the next factor is 
processed. If the current factor does exceed the threshold 
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value 67, then the current factor is part of a peak. For 
each peak, a maximum value and full width half maximum 
(FWHM) value is calculated. The maximum value is updated 
at 69 and the FWHM value is updated at step 70. The next 
factor is selected at 96 until the factor falls below the 
threshold at 68. The final maximum and FWHM values are 
stored in a peak table in peak memory 91. 

The peak table compiled in step 71 is illustrated 
below in Table 1 . 

TABLE 1 



PEAK 
NUMBER 


CCD 
POSITION 
(XI) 


FWHM 


MAXIMUM 


1 


3600 


20 


12000 


2 


3800 


4 


20000 


3 


3990 


10 


11500 


4 


4050 


11 


11600 


5 


4200 


6 


20000 


6 


4400 


21 


11900 



15 



20 



25 



As shown in Table 1, each peak in the correction 
factor is assigned with a peak number and a CCD position. 

The procedure of Figure 8 is repeated in step 72 for 
the second position to generate a second peak table as set 
out below in Table 2 . 

TABLE 2 



PEAK 


CCD POSITION 


FWHM 


MAXIMUM 


NUMBER 


<X2) 






7 


3500 


20 


12050 


8 


3650 


4 


20000 


9 


3790 


10 


11400 


10 


3850 


11 


11500 


11 


4050 


6 


20000 


12 


4300 


21 


11850 



30 
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Referring to Figure 8, Table 1 and Table 2 are 
compared to determine the difference in apparent angular 
position of the defects between the two positions. In step 
73 the first peak in Table 2 is selected. In step 74, the 
microprocessor 2 0 compares the maximum and FWHM values of 
the first defect in Table 2 (peak 7) with the first peak in 
Table 1 (peak 1) . If the values are similar then the 
difference in CCD positions (X1-X2) is calculated and 
stored in memory 92 in step 75. The contents of the memory 
92 is illustrated in Table 3 below. 

TABLE 3 



PEAK 


X1-X2 


OPTICAL 






ELEMENT 


7 


100 


Tube 


8 


150 


Platen 


9 


200 


Mirror 


10 


200 


Mirror 


11 


150 


Platen 


12 


100 


Tube 



15 



20 



A look-up table 76 is preloaded with a value for each 
optical element as illustrated in Table 4 below. 

TABLE 4 



OPTICAL ELEMENT 


EXPECTED MOVEMENT PER 
MM AT UNITARY MAG. 


Tube 5 


20 


Mirror 11 


40 


Platen 3 


30 



25 



As can be seen in Table 4, with a magnification factor 
of one, for each mm of movement in the fast scan direction 
30 of the camera 7, any defect on the tube 20 will move by 
twenty CCD elements , any defects on the mirror 11 will move 
by thirty CCD elements, and any defect on the platen 3 will 
move by forty CCD elements. 
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In step 79 the current peak is assigned to one of the 
optical components with reference to Table 4 . The assigned 
component is entered into the third column in Table 3 
above. For instance in the case of peaks 1 and 7, XI -X2 is 
5 100 CCD elements. Since the camera 7 has been moved by 5mm 
and the magnification factor is one, then the defect 1 must 
be on the tube 5 . 

During a scan of the transparency 12, the defects 38- 
41 on the mirror 11 and tube 5 (which move with the 

10 carriage) must be accounted for. Therefore it is necessary 
to retain their associated peaks 38' -41' in the white 
balance factor f . However, the defects 36,37 on the platen 
in the white balance area 30 will not be present during 
scanning and therefore their associated peaks 36' ,37' in 

15 the factor f must be removed. The procedure of Figure 8 
enables the platen defects to be identified and removed. 

If the defect is on the platen (step 77) then the peak 
in the factor f stored in memory 35 is removed (step 78) 
and the intermediate factors are replaced by interpolation. 

20 The next peak is then selected at step 73 and processed in 
a similar way. 

The white balance factor f (after peak removal) is 
illustrated in Figure 10. The peaks 36' ,37' associated, 
with the platen 3 have been removed and the peaks 38' -41' 

25 associated with the mirror 11 and tube 5 have been 
retained . 

Returning to Figure 4, after the defect removal 
procedure of step 61, the carriage 4 is driven down the 
platen 3 to input scan the transparency 12 (step 94) . 

3 0 During the input scan 94 the image signal is multiplied by 
the white balance factor f (after peak removal - Figure 10) 
and the corrected image signal is saved in image memory 99. 

Figure 11 illustrates an alternative scanning 
procedure. Most of the steps correspond with Figure 4 and 

35 the same reference numerals have been used as appropriate. 
However, instead of removing the peaks from the white 
balance factor f, the system merely notifies the user of 
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the location of any defects. That is, steps 77 and 78 in 
Figure 8 are omitted, and after the peaks have been 
assigned to their respective optical components in step 76, 
the microprocessor causes a display 100 to output the 
5 message "TWO DEFECTS ON PLATEN, TWO DEFECTS ON WINDOW AND 
TWO DEFECTS ON TUBE". 

The user can then take appropriate action, e.g. 
cleaning or replacing the tube 5 or mirror 11. 
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1. A method of determining the location of a feature in 
an image projection system, the method comprising: 

1) projecting a first image of the feature onto a 
5 detector with a lens in a first position; 

2) sensing, with the detector, the position of the 
first image of the feature; 

3) projecting a second image of the feature onto a 
detector with a lens in a second position laterally spaced 

10 from the first position; 

4) sensing, with the detector, the position of the 
second image of the feature; and 

5) deducing the location of the feature from the 
difference between the positions sensed in steps 2) and 4) . 

15 2. A method according to claim 1 wherein the or each 
detector comprises an array of detector elements, and 
wherein the positions are sensed in steps 2) and 4) in 
accordance with the position of the image of the feature on 
the array. 

20 3. A method according to claim 1 or 2 wherein the images 
of the feature are projected in steps 1) and 3) using the 
same lens, and wherein the method further comprises moving 
the lens between the first and second positions. 
4 . A method according to any of the preceding claims 

25 wherein the images of the feature are projected onto the 
same detector in steps 1) and 3) . 

5 . A method according to claim 4 further comprising 
moving the detector between steps 1) and 3) . 
6 . A method according to any of the preceding claims 
3 0 further comprising 

6) outputting an indication of the location of the 
feature in accordance with the deduction in step 5) . 

7. A method of generating an electronic representation of 
an input image, the method comprising 
35 a) projecting the input image onto a detector with 

a projection system whereby the detector generates the 
electronic representation of the input image; 
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b) determining the location of a feature in the 
projection system by a method according to any of the 
preceding claims; and 

c) correcting the electronic representation of the 
5 input image in accordance with the location of the feature 

determined in step b) . 

8. A method according to claim 7 wherein the input image 
is projected onto the detector by illuminating a substrate 
carrying an original image and directing radiation from the 

10 illuminated substrate onto the detector. 

9. A method according to claim 8 or 9 wherein the 
electronic representation of the input image is corrected 
in step c) by assigning the feature to an optical component 
in accordance with the location determined in step b) ; and 

15 correcting the electronic representation of the input image 
signal in accordance with which optical component has been 
assigned with the feature. 

10. A method according to any of claims 7 to 9 further 
comprising causing relative scanning movement between the 

2 0 detector and the input image. 

11. Apparatus for determining the location of a feature in 
an image projection system, the apparatus comprising a 
detector; one or more lenses for projecting first and 
second images of the feature onto the detector from 

25 laterally spaced positions; means for sensing the positions 
of the first and second images of the feature; and means 
for deducing the location of the feature from the 
difference between the positions of the first and second 
images . 

30 12. Apparatus for generating an electronic representation 
of an input image, the apparatus comprising 

a) a projection system for projecting the input 
image onto a detector whereby the detector generates the 
electronic representation of the input image ; 

35 b) apparatus according to claim 10 for determining 

the location of a feature in the projection system; and 
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c) means for correcting the electronic 
representation of the input image in accordance with the 
location of the feature. 

13. Apparatus according to claim 12 wherein the projection 
5 system comprises a radiation source for illuminating a 

substrate carrying an original image, and means for 
directing radiation from the illuminated substrate onto the 
detector . 

14 . Apparatus according to claim 12 . or 13 further 
10 comprising means for generating relative scanning movement 

between the detector and the input image. 
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ABSTRACT 

IMPROVEMENTS IN IMAGE PROJECTION SYSTEMS 
A method of determining the location of an optical 
feature (52) in an image projection system (1) , the method 
5 comprising : 

1) projecting a first image (52') of the feature 
(52) onto a detector (8) with a lens (9) in a first 
position (54) ; 

2) sensing, with the detector (8) , the position of 
10 the first image (52') of the feature (52); 

3) projecting a second image (52'') of the feature 
(52) onto a detector (8) with a lens (9) in a second 
position (55) laterally spaced from the first position 

• (54) ; 

15 4) sensing, with the detector (8), the position of 

the second image (52'-') of the feature (52); and 

5) deducing the location of the defect (52) from the 
difference between the positions sensed in steps 2) and 4) . 
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